The WRB, in particular, is an important location to conduct this kind of research. First, because of the Envision model and the considerable work of the WW 2100 project, there is an abundance of data and unprecedented anticipatory modeling capacity. Second, the Willamette Basin, while facing challenges, has not yet reached the level of water conflict and contentiousness seen in many basins in the western U.S. Because the Willamette Basin is not as conflict ridden as some other basins, it presents an opportunity to explore the power of discretionary authority at state and federal levels on a major river in the western U.S. without the hardened interests that, at a minimum, tend to discourage and, at worst, may eliminate such flexibility and cooperation at both institutional and operational levels. The results of this project will allow decision makers, stakeholders, and agency officials in the Willamette Basin to see the underlying legal and policy issues at play independent of a set of established interests and to pursue inherent flexibilities prior to a scarcity-driven crisis.
II. Integrating Hydrologic and Economic Modeling with Law and Policy on a Basin Scale
Water law and policy in the U.S. is a fragmented jurisdictional framework that often requires an understanding of the complex interaction between state and federal law. 6 The lack of thorough research regarding the interplay between federal and state law in the context of specific river basins often leads to considerable confusion and misinformation among decision makers about what the law can and cannot accomplish to resolve conflicts. Much of the wealth of legal scholarship, like the litigation of water issues, tends to focus on individual laws that impact freshwater resources or particular resource conflicts. This approach has illuminated and influenced many of the major crisis points and significant legal advancements in water law. *1096 However, there is often not time nor resources to approach the entire legal landscape on a watershed scale to identify the main legal drivers and dynamics in the context of the hydrology and landscape of a particular river. 7 Building the law of the river is also a complex task because the challenge of describing each aspect or law that impacts a particular watershed is as complex as trying to describe the whole ecosystem itself, though no less important. While this article begins to set forth the framework for the Willamette Basin, it is in no way comprehensive and is certainly a work-in-progress. It is in this context and with this as the goal that the work of the WW 2100 project has emphasized the need to approach the ecology of the legal infrastructure to unlock potential for adaptability and resilience in the system. However, there are exceptions that are often motivated by a particular water crisis or decision point, such as the Colorado, the Missouri, and the Mississippi River basins. 8 Research is needed to build a law of the river for systems like the WRB in Oregon, particularly if those basins, like the Willamette, are not yet in crisis. As a result of the absence of a well-described and readily understood law of the river, issues between competing legal authorities are often not resolved; federal and state law issues are not reconciled until the parties are at the point of filing expensive and time-consuming litigation, and decision makers and stakeholders do not have access to the complete legal landscape that they are navigating. If we wait until the crisis point to develop an understanding of the law of the river, then solutions are retroactive, rather than anticipatory, and often more expensive and controversial to implement.
The arid western U.S. is particularly vulnerable to conflict in the face of water scarcity, given the way that human uses of water have been established and expanded over the landscape. This vulnerability is also *1097 due, in part, to the governance of water allocation by the doctrine of prior appropriation (hereinafter "prior appropriation") adopted by each of the seventeen western states to control the allocation of water rights. 9 The relationship between human uses of water and the law that is established makes sense because the law is a reflection of the way that people allocate these resources. As a result, prior appropriation is often critiqued as an antiquated and inflexible system for resource management and allocation but may also have some valuable unexplored or unenforced tools. 10 In addition to state law systems, for the vast number of river basins in the western U.S., including the Willamette River, federal law--including the Endangered Species Act, the Clean Water Act, and authorization for Army Corps of Engineers projects--provides a significant, if not controlling, overlay to the state appropriative system. The interaction between these state and federal water laws provides the public policy framework in which decision makers operate as they address the challenges that society faces with regard to changes in the freshwater system.
Meanwhile, we are living through a period of unprecedented change in coupled social-ecological--or human-natural--systems, adding substantial stress to the management of freshwater resources. 11 Massive, irreversible losses of ecosystem services and growing pressures from the combined effects of economic growth, population growth, and climate change are evident, with increasing frequency, in more and more corners of the world. 12 These dramatic ecosystem changes are at the center of substantial conflict over water resource allocation in many locations. For example, the California Delta, at the confluence of the Sacramento and San Joaquin rivers, represents an area immersed in conflict due to loss of *1098 fish species and restrictive actions imposed by both federal and state law. 13 This climate has resulted in uncertainties about future water and regulatory environments and costly lawsuits. The conflict centers around the volume and timing of water needed for protection of aquatic organisms and water diverted for agriculture, municipal, and industrial uses. This conflict has elicited calls for changes in western water law. 14 Due to increased awareness of these complex interactions among social and ecological systems, both the public and private sectors have increasingly turned to scientific, quantitative methods to inform land and water policy and decision making in the presence of uncertainty. By encompassing a broad range of future possibilities and uncertainties, such as local manifestations of global climate change, the WW 2100 model is creating the ability to better anticipate and respond to problems related to water scarcity. By virtue of the ability of the model to ask "what if" questions by simulating broad sets of alternative scenarios, this kind of research has the potential to evaluate future trajectories of change and to serve as a constructive means for forging consensus among diverse groups of citizens and policymakers before the conflict is upon them.
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*1099 In western Oregon's WRB, the NSF-funded WW 2100 project, slated to end in 2015, is underway. This five-year project is investigating how climate change, population growth, and economic growth will change the availability and the use of water in the basin on a decadal to centennial timescale. The project is implementing a transferable method designed to predict where climate and economic change will create water scarcities and where those scarcities will exert the strongest impacts on human society. The WW 2100 project utilizes a software simulation platform called Envision. Envision is a sophisticated simulation environment that has been widely used in projects throughout North and South America in situations where understanding and anticipating coupled social-ecological--or human or natural--system trajectories is central to wise resource use and management. 16 WW 2100 uses the Envision computer platform to integrate hydrology, economics, law, and policy to describe system interactions and feedbacks, and to predict future changes in the supply, demand, and allocation of water. With that foundation on the work of WW 2100 in mind, the purpose of this article is to highlight the legal infrastructure that has contributed to this project with a particular focus on the legal and policy aspects that impact flow in the mainstem of the Willamette River and to set forth some future research questions that we hope to address. As a result of the fragmented nature of federal and state legal and policy authority over water, there is often a lack of focus and energy on the flexibility and adaptability embodied within existing law. The focus is often on how broken and antiquated our water allocation systems are, as discussed above, on how difficult it is to navigate the state and federal dynamics, and on ways to completely reinvent the way in which we allocate water. 17 This article explores an alternate approach by attempting to *1100 identify the inherent flexibility and adaptability embedded within existing law--and people's response to those changes--and focusing on ways that the existing legal framework may present more opportunity to address change in the future. The underlying idea animating this work grows from the notion that there is inherent discretionary authority in the existing structure of water law, that this discretionary authority has not been fully explored or implemented, and that it may provide the adaptive capacity to address changed future circumstances.
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The ultimate goal for the legal work associated with this larger effort seeks to: (1) evaluate the relationship between state and federal water law and policy and identify where there is sufficient flexibility to allow for changes in the ways the resource is managed in light of anticipated climate and population changes; (2) use anticipatory modeling to explore the effects of different discretionary choices on future water deficits and scarcity in the WRB; and (3) analyze and evaluate proposed changes to law and policy that would provide increased flexibility in the Basin's water management and share this information with stakeholders and decision makers in the basin. 20 To carry out its water management duties and its obligations to care for this public resource, each western state has adopted the system of prior appropriation to allocate rights to citizens to use surface waters, including provisions to protect non-consumptive use. 21 The prior appropriation system of water rights is well known to those in the West based on its "first in time, first in right" priority system and the principle of "use it or lose it." 22 This allocation model, as explained in more detail below, forms the backbone of state law that governs the WRB, as well as all river basins in Oregon and throughout the western U.S. In addition, the vast majority of states, Oregon included, have adopted a regulatory framework, consistent with the Clean Water Act, to address water quality. 23 State law does not capture the full legal landscape of the Willamette River or of most rivers in the western U.S. today. While state law is the appropriate starting point for understanding the law of the river, the dynamics involving federal law can quickly overtake the state law structure. In particular, for the WRB, the creation of the Willamette River Project by Congress and role of the Army Corps of Engineers (USACE) loom large in terms of the on-the-ground realities for management of the Willamette River system. In addition to the authority and discretion exercised by USACE, the role of the Endangered Species Act and the Clean Water Act, as implemented by the state, sets much of the framework for non-consumptive use in the basin. Each of these statutes operate as a distinct set of statutory and regulatory requirements, *1102 but also interact with the other requirements at the state and federal level to create the complex web called the law of the river. The next portion of this article begins with a summary of three significant federal components of the law of the river for the Willamette Basin, including the creation of the Willamette Project to be operated by the USACE, the implementation of the Endangered Species Act in the Willamette Basin, and the regulatory framework established by the Clean Water Act. The article then turns to Oregon's state water law and looks, in particular, at the state law provisions that drive flow on the mainstem of the Willamette River, including the basics of water rights allocation, the definition of beneficial use, the water transfer process, water measurement, and the mechanism under state law to protect non-consumptive use.
III. Beginning to

A. Congressional Authorization of the Willamette Project
After a series of devastating floods in the first part of the twentieth century, Congress legislatively recognized that, because floods upset the country's orderly processes, cause loss of life and property, and impair channels of commerce between the States, flood control is a proper activity of the Federal Government with cooperation of the states. 24 Congress assigned the Secretary of War and the Chief of Engineers with the job of investigating and improving the nation's waterways in regards to flood control and "allied purposes." 25 However, beyond recognizing flood control as a federal concern and appointing the officials from the War Department to investigate the situation, Congress did not provide much instruction as to how to proceed. Instead, it instructed the Secretary of War and Chief of Engineers to carry out their tasks under this guideline: improve waterways for flood-control purposes in instances when the benefits will outweigh the costs and people's safety and security are at risk. 26 Otherwise, the War Department was responsible for figuring out how *1103 best to address and manage flood risks in the nation's many susceptible areas.
Any plans were then to be submitted to Congress for approval. 27 One of the waterways investigated by the USACE was the WRB. In the 1930s, the USACE produced a report on the basin's susceptibility to flooding. This report included suggested plans for structurally safeguarding the basin from future flooding. 39 Thus, assertions that the USACE is legally bound to the current rule curve seem counterintuitive to the history and context of the USACE relationship with Congress. The technical and engineering considerations that are an inherent part of the rule curve may require very careful and deliberate decision making before any change could be implemented.
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In sum, Congress has granted the USACE broad authority in how it investigates, constructs, and operates flood control projects, including the Willamette Project, which is like so many of the projects the USACE operates throughout the U.S. Fully utilizing this operational flexibility is an important tool for the future management of the mainstem flow of the Willamette River. Though not without controversy and considerable technical engineering limitations, the USACE, as a legal matter, retains significant operational discretion. Questions remain, however, as to when and where the USACE will choose to deploy the full measure of operational flexibility given the competing purposes for and demands on the thirteen federallymanaged reservoirs in the Willamette Basin.
B. Endangered Species Act
The Endangered Species Act (ESA) was enacted in 1973, offering the nation a federal program "whereby the ecosystems upon which endangered species and threatened species depend may be conserved." 40 Congress would accomplish these goals through "a comprehensive suit of affirmative mandates, strict prohibitions, strong recommendations, and limited exception." 41 Such robust language reflects what the U.S. Supreme
Court pinpointed as the ESA's clear purpose: "to halt and reverse the trend toward species extinction, whatever the cost." 42 It is difficult to state strongly enough the impact that the ESA has had on the management of water resources in the U.S. 43 In many river basins, the operation of the ESA has been one of the more significant legal drivers for change to the existing water management regime. 44 The ESA has four major parts. Section 4 addresses which species and habitats are protected by the ESA.
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Section 9 prohibits activities that would affect listed species and habitats. 46 Section 10 creates a permit system that allows for exceptions to the "take" prohibitions in *1107 Section 9. 47 Finally, Section 7 details how the federal government must conduct itself to advance the ESA's conservation goals. 48 The ESA also includes provisions that encourage federal-state cooperation and allow private citizens to aid in carrying out the law's purpose. 49 All of these provisions have impacted the WRB, particularly the flow regime for the mainstem of the Willamette, as discussed in more detail below.
Section 4--Listing a Species as Endangered or Threatened
Section 4 explains how species become listed as endangered or threatened under the ESA. 50 The listing decision is delegated to the U.S. Fish and Wildlife Service and the National Marine Fisheries Service ("the Service(s)"). 51 These decisions are made using the best scientific and commercial data available. 52 Commercial data is limited to details about the trade in a candidate species; otherwise, listings are not based on economic concerns. 53 When listing a species as endangered or threatened, the Services generally must produce recovery plans for the species and report to Congress about that species' progress toward recovery.
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Besides listing species as endangered or threatened, the ESA seeks for listed species' habitat to be protected. 55 The Services also designate critical habitat according to the best available scientific and commercial data, but may also consider economic factors. 56 Critical habitat is not necessarily designated when a species is listed, but may be designated up to one year later. 57 When considering an area as critical habitat, the Services must give special thought to the species' essential needs, such as spawning sites, feeding sites, and water quality and quantity. Once a species is listed as endangered or threatened, Section 9 rigorously protects the species against detrimental activities. Indeed, "[i]f the ESA is the 'pit bull' of environmental regulation, then Section 9 *1109 of the ESA is that pit bull's longest and sharpest teeth." 66 Such teeth are aimed at a broad range of activities that would "take" a listed species, like killing, hunting, and collecting a listed species.
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Significantly disturbing a listed species' natural behaviors, such as breeding, feeding, or sheltering, also qualifies as a "take." 68 This would include activities that are unrelated to a listed species, but still affect its habitat. 69 One violation of the ESA take prohibition may cost up to $25,000 in civil penalties and up to $50,000 and one year in prison for criminal penalties. To lessen the bite of Section 9, the ESA allows some limited takings. 71 Take exceptions are allowed for scientific and conservation efforts, as well as other activities causing incidental takes of small numbers of listed species. 72 To warrant an incidental take permit, a non-federal applicant must develop a habitat conservation plan. 73 Importantly, take exceptions are for incidental harms; consequently, permitted activities cannot endanger the species' very survival. 74 The Section 10 incidental take provisions have not been a significant piece of the ESA landscape in the Willamette Basin. Rather, the consultation process under Section 7 has been the primary vehicle for incidental take coverage and ESA compliance in the basin.
4.Section 7--Federal Agency Consultation
The most significant action under the ESA in the WRB has been the application of Section 7 to the operations of the USACE. Section 7 contains the procedural and substantive requirements that the federal *1110 government must follow to assist the ESA's goals. 75 Implementing the regulations for the ESA requires consultation on USACE facilities in the WRB.
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After a species is listed under Section 4, the federal government must act to conserve it. 77 First, all federal agencies must adhere to specific programs to conserve listed species. 78 Second, federal agencies must assure that their actions do not jeopardize or adversely affect a listed species, a designated critical habitat, a proposed species for listing, nor a proposed critical habitat. 79 Qualifying agency actions include all activities and programs "authorized, funded, or carried out" by an agency over which that agency has discretionary involvement or control. 80 Such actions include an agency's authority to grant permits and licenses to third parties and, in the case of the WRB, the ongoing operations of the thirteen federal reservoirs.
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The key to Section 7 is that agency actions must not jeopardize listed species or critical habitat. Agencies are expected to assess jeopardy at the earliest possible opportunity. 82 First, agencies inquire whether a species or critical habitat is present within the action area. 83 Then, if a species or critical habitat is present, agencies may either draft a biological assessment or informally consult with one of the Services. 84 Each process assesses whether the agency's proposed action is likely to adversely affect listed species or critical habitat. 85 Should either process suggest that an adverse effect is likely, that Service will formally consult about the proposed action.
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In formal consultation, the Service reviews the action's cumulative effects upon the listed species and critical habitat. 87 From this review, the Service generates a biological opinion that states whether the action *1111 will jeopardize the species or critical habitat. 88 If the species or critical habitat is likely to be in jeopardy, the Service may suggest reasonable and prudent alternatives that apply minor changes to the proposed action to avoid its adverse effects. 89 Should the acting agency adopt a reasonable and prudent alternative, the proposed action may proceed. 90 If jeopardy is likely, but there are no reasonable and prudent alternatives, the acting agency's final option is to seek an exemption from the jeopardy prohibition. 91 Similar to Section 10's incidental take permits, the biological opinion may also include an incidental take statement. 92 As under Section 10, incidental take statements are available if there is some harm to a listed species, but no jeopardy. 93 Throughout the consultation process, Section 7 prohibits an action agency from becoming overly committed to a proposed action before consultation is complete. 94 This prohibition helps ensure that the agency is free to adopt a reasonable and prudent alternative should the biological opinion find jeopardy. 95 Consultation may reinitiate as long as the action agency retains discretionary involvement or control over the action. 96 A number of situations may prompt re-initiation, including exceeding an incidental take statement, modifying an action beyond the boundaries considered by a biological opinion, risking jeopardy for a newly listed species or critical habitat, or encountering new information that an action is adversely affecting a listed species in a manner not addressed by the biological opinion. 97 In the WRB, the consultation process for the thirteen federal reservoirs was first initiated in April 2000 and concluded that continued operation of the Willamette Basin Project was likely to adversely affect all four listed species in the basin. 98 Given the larger dynamics around *1112 the ongoing consultation on the Federal Columbia River Power System, the consultation on the Willamette Project was delayed. By September 2007, the USACE submitted a revised Biological Assessment, and a coalition of environmental groups filed suit for alleged violations of the ESA. 99 Ultimately, this lawsuit settled and the parties entered into a consent decree that provided the Section 7 consultation process would be completed and the final Biological Opinion issued by July 2008. 100 The final Biological Opinion (BO) was released in July 2008, concluding that the continued operation of these thirteen federal reservoirs would jeopardize the continued existence of the four listed fish species. The BO provided a set of reasonable and prudent alternatives and measures that were designed to minimize these adverse effects on the listed species and their critical habitat. These provisions of the BO have a tremendous impact on the management of reservoirs and ultimately affect the flow in the mainstem and the availability of water in the basin.
C. The Clean Water Act
In addition to the impact that the federal ESA has had on the basin, the other significant federal statute is the Clean Water Act. With the 1997 amendments to the Federal Water Pollution Control Act of 1972, the modern Clean Water Act (CWA) was born. 101 While the CWA is a federal statute that delegates significant regulatory oversight to the Environmental Protection Agency (EPA), a federal agency, the CWA also provides that each individual state can play a significant role through an EPA-approved program. 102 Sections 303 and 302 of the CWA set forth the process that states and the EPA must follow to establish water quality standards.
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As states develop and implement these water quality standards, they designate uses for water bodies within the state and then develop water *1113 quality criteria to protect these designated uses. 104 As part of this process the state is required to identify and develop a list of impaired waters, the so-called 303(d) list.
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After the state has identified all waters where required pollution controls are not sufficient to attain or maintain the applicable water quality standard, the state is required to establish total maximum daily loads, known as TMDLs, for their waters. 106 These standards are subject to EPA approval, and, in Oregon, the process of approving these water quality standards has been the subject of ongoing controversy and litigation. 107 In particular to the Willamette Basin, the question of temperature regulations is significant.
It is quite likely that addressing temperature as a water quality standard under the CWA could have an impact on the mainstem flows in the Willamette River.
***
The sections above discuss three major components of federal law that impact flow in the WRB--the authorizing authorities for the USACE, the Endangered Species Act, and the Clean Water Act as delegated to the State of Oregon by the EPA. Certainly, these are not the only federal laws that impact the Willamette River, but they do serve as the fundamental backbone of the primary dynamics that operate from the federal perspective in the basin. This article turns next to state law and, in a similar fashion, constructs the basic framework at the state law level that affects the Willamette River. Any discussion of state law in the western U.S. necessarily begins with the doctrine of prior appropriation and its impact on the fundamental way that water rights are allocated and regulated by the state.
This discussion naturally includes a brief discussion of the principles of beneficial use and waste, as well as the monitoring and enforcement of water rights. Next, the article turns to the dynamics under Oregon law for transferring water rights. This section closes with a discussion of Oregon law's methods for protecting non-consumptive, instream flow rights.
*1114 D. Oregon State Water Law
Overview of Prior Appropriation
Oregon's system of allocating rights to surface water and groundwater is based on the prior appropriation system. 108 This system is commonly described as "first in time, first in right" because each water right issued carries a priority date and the person with the earliest priority date has the most senior right to use water. 109 Water rights are filled in order of priority when there is not enough water in a stream, and, in cases of shortage, junior water rights holders may not receive any water at all. In Oregon, if two water rights users have the same priority date, those using water for domestic purposes receive water first, followed by those using water for agricultural purposes, and then followed by those using water for manufacturing purposes. 110 The Willamette River Basin, like all basins in Oregon, operates within the prior appropriation scheme. Thus, any water rights granted by the state in the WRB are exercised in order of their priority. As we examine the dynamics around the flow in the mainstem, it is extremely important to understand the impact of these diversionary rights not only in the mainstem, but also in the tributaries because of their impact on flow.
The Appropriation Process
Water rights in Oregon are administered through a permit and certification system. A person who wants to obtain a water right files a permit application with the Oregon Water Resources Department (OWRD).
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The permit will be granted if the water use is one allowed in that basin by statute, if the water is available for use, if the use will not injure other water rights, and if the proposed use is in the public interest.
112
With regard to the availability of water, the OWRD must determine if there is in fact available water to be appropriated. Throughout the WRB, there are stream reaches where the OWRD believes there remains unappropriated water; thus, the OWRD would *1115 grant new water rights. 113 This is one of the areas where state and federal law can be in tension. For example, the requirements of the ESA or the CWA may require that much of the unappropriated flow remain instream whereas state water laws may identify that flow as available for appropriation. Understanding the details of how state and federal law interact is key in establishing a law of the river for the WRB. A permit may be issued for less water than requested in the application if the OWRD concludes that the amount requested exceeds the amount that can be beneficially used. 114 A permit holder has a reasonable time of not more than five years to put the water to beneficial use. 115 This process may include building diversion canals or installing irrigation systems. Putting a permitted water right to beneficial use "perfects" the water right. The OWRD conducts a survey of the water use and determines whether the right has been perfected to its satisfaction. 116 After a water right is perfected, the OWRD issues a water rights certificate that gives the certificate holder an actual right to use the water under the certificate for as long as the water is used beneficially. The basis, the measure, and the limit of water rights in Oregon is the "beneficial use" of the water. 121 Oregon defines beneficial use as "the reasonably efficient use of water without waste." 122 Beneficial uses of water under Oregon law include water needed for domestic, municipal, irrigation, power development, industrial, mining, recreation, fish and wildlife uses, and for pollution abatement. 123 The Water Resources
Commission (the Commission) may determine that other uses are beneficial by balancing the benefits of the proposed use against other existing uses, conflicting interests, and other concerns. 124 Additionally, to meet the requirement of beneficial use, a water user may not "waste" water. 125 Wasting water results in the forfeiture of the water right. Two ways that a water user may waste water are: (1) using the water in a manner other than the use permitted in the water right itself or (2) failing to use all or part of the water right for five successive years. 126 If a water user fails to use all or part of their water right for five years, the Commission assumes that the user has wasted the water. 127 However, there are "non-uses" allowed under Oregon law that are not considered waste. Statutorily excused non-uses include not using water because of a financial hardship, not using water because a government action prevented it, or not using water because it was unavailable. 128 Additionally, a water user can show that they have facilities capable of receiving the full rate and duty of the water right and were "ready, willing [,] and able" to use the water, but could not use it for some other reason. 129 The Oregon legislature created that exception to prevent water users from diverting unneeded water for the sole purpose of avoiding losing their water right.
*1117 E. Water Measurement, Monitoring, and Enforcement
The dynamics around the regulation of beneficial use and waste, particularly the willingness of the state to enforce or the availability of the necessary data to support the state in enforcing these provisions of state law, are key in a basin with the demands on water. As demands for water in the basin increase in the future, the doctrine of prior appropriation provides a mechanism, through the definition of beneficial use and waste, which both protects the actual use of water and ensures that the maximum amount is available for other important purposes as well. This is one of the ways that state water law has within its existing structure the flexibility Colin McKenzie MCKENZIE COLIN | 10/9/2017 18:11:23
Existing legal flexibility and discretionary authority to address changing needs and demands in the WRB, as well as other basins throughout the state and the western U.S. One of the goals of the WW 2100 project is to model where these potential scarcities may exist or arise in the WRB in the future so that we can explore the use of the inherent flexibility of the law to proactively address these problems.
Oregon's Water Measurement Strategy
Water measurement can be an important tool for managing water resources in the WRB. In Oregon, the OWRD and the Commission have authority to measure water use by conditioning new permits or by requiring measurement on existing uses. 130 However, only a relatively small portion of water diversion throughout Oregon, including the Willamette Basin, is currently being measured. As the demands on water in the WRB increase, the importance of measurement and the availability of this data become increasingly important.
Oregon's existing water measurement regulatory framework is covered under a patchwork of statutes. Under Section 537.099(1) of the Oregon Revised Statutes, all governmental entities with a water right are required to measure and report their water use annually to the OWRD. Governmental entities include federal and state agencies, local governments, irrigation districts, and water control districts. 131 The statute requires the report to include "the amount of water used by the governmental entity, the period of use and the categories of beneficial use to which the water is applied." 132 Under *1118 Section 537.211 of the Oregon Revised Statutes, the OWRD maintains the authority to condition issuance of any new water right permit. "The permit shall specify the details of the authorized use and shall set forth any terms, limitations and conditions as the department considers appropriate," including installation of a water measurement device. 133 The OWRD may impose measurement conditions on a new permit if "an application discloses the probability of wasteful use or undue interference with existing wells or . Under Section 540.330(1), the Commission can also require the owner or manager of a reservoir located in the flow of a natural stream to place measuring devices above and below the reservoir on each natural stream or water source that discharges into the reservoir. Finally:
[I]n addition to any other authority of the Water Resources Commission to order installation of a measuring device, if the commission finds accurate water use information necessary because of serious water management problems created by groundwater decline, unresolved user disputes, or frequent water shortages, then the commission by rule may require a waterright owner using any surface or ground water sources within the state to install a totalizing measuring device and to submit annually a water-use report. 137 However, before issuing such an order, the Commission must hold a hearing in the affected area to determine if a major management problem exists and allow any affected person the opportunity to present alternative methods or devices that may solve the management problem. 138 Despite measurement requirements, the OWRD does not require many users to report their measurements. 139 The OWRD estimates there *1119 are currently 75,000 existing surface water points of diversion, about 23,000 ground water points of appropriation, approximately 24,000 reservoirs, 4,000 ground water registrations, and around 230,000 exempt groundwater diversions. 140 Currently, only about ten percent of these water users' permits require them to report, representing nearly fifty percent of the state's water usage.
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In 2000, the Oregon Water Resources Commission developed a strategy for improving water measurement statewide, focusing on diversions that have the greatest impact on streamflows in areas with the greatest needs for fish. 142 The OWRD, in concert with the ODFW, developed a statewide inventory of significant diversions within high-priority watersheds across the state with the intent to increase measurement at these diversions. 143 These high-priority watersheds are known as Priority Water Availability Basins or Priority
WABs. The result of the effort combines an assessment from the ODFW of the potential for fish restoration and an assessment from the OWRD of the potential for flow restoration. Oregon. 149 The OWRD has divided the state into five field regions and twenty-one districts. 150 In each district, the watermaster, an OWRD-appointed officer, manages water use with the help of an assistant and a number of water resources technicians, including well inspectors, water right inspectors, water restoration specialists, and hydrotechnicians. 151 Watermaster duties are defined under Section 540.045 of the Oregon Revised Statutes and include various methods of distributing water "in accordance with . . . existing water rights" as well as any other duties delegated or required by the Water Resources Director.
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The first step of water rights enforcement is regulating the distribution of surface water. Watermasters and their field staff frequently measure streamflow throughout their districts on site to monitor instream water rights or minimum streamflow requirements. If the flow is inadequate to satisfy all instream water rights, the minimum flow requirements, or if other entities complain that their water right allocations are not being met, the watermaster begins an investigation. 153 If the investigation was triggered by user complaint, it frequently involves measuring streamflow at the point of diversion for the water right not being met, searching for illegal uses, and generating a list of junior users. 154 Based on this investigation, the watermaster decides on the appropriate action. In this stage of enforcement, actions take the form of informal requests to curtail water use, either through personal contact or letters. 155 Watermasters will first address illegal uses of water. An illegal use *1121 is any unauthorized use of water: use without a water right, use in greater amounts than authorized, use in violation of terms or conditions of a permit or certificate, or use after having been cut off. 156 If the flow is still inadequate to satisfy the senior water right, watermasters will begin to regulate junior users. 157 However, if the watermaster determines that an inadequate amount or none of the water resulting from cutting off a junior user would reach the senior user, the watermaster may disregard the complaint as a "futile call." 158 Watermasters may also regulate illegal uses that they discover or have been told about. 159 If users do not voluntarily comply with watermaster requests, watermasters may engage in the formal enforcement process. Watermasters, as deputies of the Water Resources Director, have the authority to enter onto any private property in the performance of their duties. 160 A watermaster may then take control of the waterworks at the point of diversion and physically shut off the user after posting a signed notice "setting forth that the headgate, valve or other control works has been properly regulated and is wholly under the control of the watermaster." 161 In 2011, watermasters and their assistants reported a total of 8,137 regulatory actions, 1,599 of which were formal written actions, on 361 stream systems. 162 Of these, 249 actions were taken to protect instream rights, 151 to protect senior rights, and 97 to stop illegal uses. 163 
F. Transferring Water Rights in Oregon
Overview of Water Transfers
Today, virtually all of Oregon's surface water has been appropriated with some remaining water available in the mainstem of the Willamette and in the McKenzie River. 164 A water right holder's ability to transfer *1122 existing water rights can alleviate the challenges associated with the lack of available water for appropriation and changing water demands in the prior appropriation system. 165 As society's demands and needs for water change, this is another authority within state water to address these changing preferences within the context of existing law.
Under a water right, use of water must conform to the place of use, point of diversion, and type of use specified in the water permit. 166 It cannot be used for any other purpose than what is specified in the water right. However, if a right holder wishes to use water for a different purpose than what the water right certificate allows, use the water in another location, or divert the water from a different spot, the right holder can file a transfer application with the Water Resources Department to seek approval for the change. 167 Oregon Revised Statutes chapter 540 provides the requirements and process for transferring a water right. Only certain rights may be transferred. Specifically, transfer is allowed only for those rights that have been adjudicated and received a court decree, that have a water right certificate or a permit, or where the OWRD has approved a previous transfer and satisfactory proof of completion has been filed with the Commission. 168 A water right holder may apply for a permanent or temporary transfer; the OWRD will grant a temporary transfer for a period no longer than five years. 169 Water users may also transfer all or a portion of their rights for instream uses. 170 These transfers may be either permanent or temporary, but they require showing that there will be no injury to other water right holders. 
Permanent Transfers
An applicant seeking a permanent transfer of a water right must provide information to the OWRD so that it may determine compliance with Oregon prior appropriation law. 172 Among other basic information, the applicant must describe the current use of the water, the proposed use *1123 of the water, and the reasons for the change. 173 Furthermore, the applicant must provide evidence that the water has been used in a manner consistent with the water right for the past five years. 174 In other words, the applicant must show that the water right is not subject to forfeiture.
To approve a permanent transfer application, the OWRD must conclude that the proposed change will not injure other water rights. To assist in this decision, an applicant must publish notice of the proposed change in a newspaper within the area where the water rights are located. 175 This puts the public on notice and allows other water rights holders to come forward to comment and file protests against the approval of the application. 176 The OWRD then has a hearing to determine whether the transfer would injure other users. 177 While the OWRD is making its decision, the water may be used according to the current water right until the transfer is approved. 178 There are a few activities exempt from the application requirements under Oregon law. For instance, applications are not required for transfers of irrigation rights where the right holder seeks to transfer use of the water to other activities related to irrigation. 179 This is allowed so long as there is no other change in use, such as increases in the amount, acreage irrigated, or season of use. 180 Additionally, industrial uses that meet certain qualifications may change the use of water without applying to the OWRD. 
Temporary Transfers
A water rights holder may temporarily change a water right's place of use to allow a right attached to a specific parcel of land to be used on another parcel. These temporary transfers may not last longer than five years. 182 After the five-year period concludes, the transferred water use will revert back to the original use. 183 However, there is no statutory *1124 restriction on the amount of times the OWRD may reapprove applications for the same temporary transfer in successive terms.
Groundwater Transfers
A surface water user may also transfer her point of diversion to appropriate groundwater. 184 However, the OWRD must find that: (1) the aquifer is hydraulically connected to the surface water; (2) the change will not result in enlargement or injury to existing water rights; (3) the change will affect the surface water the same as the authorized use; and (4) the proposed groundwater use is located within 500 feet of the surface water, and when the surface water is a stream, that the use is also located within 1,000 feet upstream or downstream of the original point of diversion.
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G. Protecting Non-Consumptive Uses of Water in Oregon: Instream Flow Rights and the Conserved Water Program
In the western U.S. one of the most profound changes in the prior appropriation doctrine in the last fifty years has been the recognition of a state-based water right for non-consumptive instream flow use. The recognition of instream flow as a beneficial use represents a tremendous mechanism in state law for managing flow in the mainstem of the Willamette River.
Instream Flow Rights
Under the prior appropriation model, traditional water rights require that water be diverted to qualify as beneficial use. Without more, this requirement precludes water remaining in a stream from satisfying other uses, such as fish flows or recreational activities. Over time, western states have recognized beneficial use without requiring a diversion. One such non-consumptive use is instream flow, a legal concept that recognizes the value of maintaining water within a stream for certain purposes. Essentially, the recognition of instream flow rights allows water to remain in a stream instead of requiring diversion and out-of-stream use.
In 1987, Oregon was the first state to recognize instream flow as a *1125 beneficial use. 186 Oregon's instream conservation laws have evolved by allowing for non-consumptive uses in favor of the public interest. In 1915, the Oregon legislature precluded appropriation for twenty-three streams and waterfalls along the highway in the Columbia River Gorge to protect their scenic attributes. 187 In 1955, the legislature established the State Water Resources Board, charged with formulating a water resources program for the state. 188 The charge included that "[t]he maintenance of minimum perennial stream flows sufficient to support aquatic life and to minimize pollution shall be fostered and encouraged if existing rights and priorities under existing laws will permit." 189 By adopting these minimum stream flows, the legislature expanded Oregon's ability to use an instream flow regime to support aquatic life, minimize pollution, and maintain recreational opportunities. 190 However, at the time, the fact that these minimum flows were administrative rules and not recognized as full water rights severely limited their efficacy in protecting instream uses. 191 Finally, in 1987, the Oregon legislature passed the Instream Water Rights Act (the Act), codified in chapter 537 of Oregon Revised Statutes, to protect and promote instream uses of water. 192 Unlike private outof-stream applications of water, like agricultural, municipal, or industrial uses, the OWRD holds instream rights in trust, and the water remains in its natural stream for public use and benefit. 193 The Act specifically recognized four instream water uses for public benefit as beneficial uses: (1) recreation; (2) pollution abatement; (3) navigation; and (4) "conservation, maintenance, and enhancement of aquatic and fish life, wildlife, fish and wildlife habitat and other ecological values." 194 The *1126 Act further converted any prior established minimum perennial stream flows to actual water rights vested exclusively in the OWRD and retaining their original priority date. 195 The OWRD is the only entity that may hold instream flow rights, and these rights are held in trust for the people of Oregon. 196 The OWRD holds and enforces instream flow rights as any other appropriator in the line of priority, but gets to set the minimum level of instream flow. 197 Nevertheless, in a Governor-declared drought, the Act allows the OWRD to give preference to human consumption and livestock watering over other uses, including instream uses.
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In Oregon, the amount of water reserved as "in-stream flow" is defined as "the minimum quantity of water necessary to support the public use requested by an agency." 199 When natural stream flows are the source for meeting instream water rights, the amount allowed for the water right cannot exceed the estimated average natural flow. 200 Instream flows are measured in cubic feet per second (cfs) along the stretch of stream or river. 201 Although instream flows do not ensure that *1127 certain quantities of water are always present in a stream, the OWRD can require junior water rights holders to stop diverting water to satisfy the minimum instream levels. 202 Nevertheless, instream flow rights may not injure water rights holders with more senior priority dates. In addition to permanent transfers, holders of water rights may lease their rights for instream use through a temporary transfer or lease. 210 The option of leasing water rights to instream rights can provide water rights holders a mechanism to prevent loss of their rights by forfeiture. 211 Water rights in Oregon are generally subject to forfeiture after five years of non-use. However, by temporarily leasing unused water rights to the OWRD, water rights holders sidestep the "use it or lose it" appropriation model by retaining their underlying right to the water so long as they maintain their diversion capabilities. 212 Instream leases cannot last *1128 longer than five years--or five irrigation seasons for irrigation rights--though leases may have unlimited renewability. 213 The most significant limitation to the transfer of water to instream uses is that the transfer must not injure other existing water rights. 214 The OWRD will not approve a transfer unless it makes an affirmative finding that the transfer would not injure any existing rights. The Diack decision augmented the strategic value of the location of State Scenic Waterway designations on a stretch of river. 218 Prior to Diack, the Water Resources Commission limited its application of the SSWA to diversions proposed within a designated stretch of water. 219 Diack clarified that the Water
Resources Commission must conform decisions on proposed appropriations to the scenic waterways values of the SSWA. 220 Furthermore, the court's decision mandated that the Water Resources Commission must consider whether each proposed diversion upstream of a scenic waterway "is necessary to" the uses specified in the SSWA. 221 
Conserved Water Program
Oregon's Allocation of Conserved Water Program (the Program) allows any water user who conserves water to use a portion of the conserved water on additional lands, to lease or sell the water, or to *1129
dedicate the water to instream use. 222 By allowing water use on additional lands and for new uses of water, the Program provides water users an economic return on conservation investments. 223 When water right holders undertake conservation measures and apply to the Program, they must convert a portion of the conserved water into an instream right. 224 In exchange, the OWRD grants the right holder greater latitude in how they use the remaining portion of conserved water. 225 The Similar to the instream water transfer mechanism, the Conserved Water Program creates an opportunity to voluntarily establish instream water rights from preexisting rights with no loss of priority. 228 Allocations of conserved water may retain the original priority date of the source water right or be assigned a priority date one minute later. 229 An allocation's assigned priority date is the same for both the applicant and the state. 230 Allocations that are not assigned to the state may be leased to instream use pending a final allocation to another use and shall *1130 not be subject to forfeiture if so leased. 231 The Program is administered by the OWRD. When a user files an application for allocation of conserved water, the OWRD determines the quantity of water conserved and may reduce that quantity to "mitigate the effect of other water rights." 232 When any allocation of conserved water is made, the state will retain at least twenty-five percent of the conserved water. 233 The state then allocates seventy-five percent of the water right to the user and converts the remaining twenty-five percent into an instream right held in trust by the state. 234 If the OWRD determines that the conserved water is necessary to support instream flow purposes, it will convert the water to an instream water right. 235 However, if the state or federal government provides more than twenty-five percent of the financing for the conservation project and that money is not subject to repayment, the state will convert the same percentage into an instream right. 236 Despite this instream provision, an applicant may always voluntarily retain up to twenty-five percent of the conserved water, even if the project is entirely publically funded. 237 After completing the allocation of conserved water, new certificates are provided for the remaining portion of the originating right as well as new rights covering the allocated water. 238 An applicant may also voluntarily convert the entire amount of conserved water to be held in trust by the state as an instream right. Furthermore, the OWRD may determine that additional instream flow is not necessary to support established in-river purposes, in which case that portion will revert to the public and be made available for future appropriation. 239 A user must file an application for conserved water within five years of the date from which the conservation measures were first implemented.
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*1131 Under the Conserved Water Program, the priority date of the new water right certificate does not change. A new water right certificate with the original priority date is issued reflecting the reduced quantity of water being issued with the improved technology. 241 Other certificates are issued for the applicant's portion of the conserved water and for the state's instream water rights. The priority dates of these certificates are either the same as the original water right or junior by one minute. It is up to the applicant to decide which priority date they want to establish for the conserved water. 242 As we move to better understanding the dynamics of water scarcity in the Willamette River Basin over the next decade, tools like Oregon's instream flow law and the Conserved Water Program will be important for adapting to changing circumstances. These programs represent the kind of flexibility and adaptability that state law can offer, and these tools are within the existing legal infrastructure in the State of Oregon. The questions become how, when, and to what extent we are willing to deploy the tools we have at hand.
IV. Evaluating the Future in the Willamette River Basin Using Existing Legal Infrastructure
Based on the basic legal framework described above for federal and state law, the WW 2100 project and follow-up projects hope to develop systematic applications of modeling approaches to expressly address the conflicts and flexibilities inherent in western water law in the face of climate and population changedriven water scarcity. In previous efforts using Envision, including WW 2100, researchers have coupled state-of-the art hydrological, ecological, and socio-economic models within a single framework, operating over a hundred-year time frame. As a result, the WW 2100 efforts, and hopefully future research, can now simulate alternative land and water use scenarios at unprecedented levels of detail and periods of time, including individual water rights and individually-owned parcels of land, and at the daily time steps relevant to the hydrologic implications of climate change. One proposed second phase of this work, if funded, seeks to use this agent-based modeling, as opposed to the economic modeling platform of the WW 2100, to delve more thoroughly into the particular dynamics of federal and state water *1132 law and policy by investigating and evaluating how water scarcity outcomes might be different depending on what alternative future assumptions are made about legal flexibility and adaptability.
Colin McKenzie MCKENZIE COLIN | 10/9/2017 18:17:50 !!! re: legal flexibility and adaptability Similar efforts to look at changes to state and federal water law policy are also integral to the final stages of the work on the WW 2100 project. The legal components of both projects, as well as future research, add a new dimension to the integration of biophysical parameters and social science data by bringing legal research regarding the interaction of state and federal water law, on issues like instream flow and water quality, to bear on adaptation and resilience strategies. All of the proposed projects are designed to bring value to stakeholders and agency actors by identifying the existing flexibility within the state and federal legal and policy frameworks that can be responsive to anticipated changes. Once these flexibilities are represented, they will facilitate the investigation of the resiliency and adaptive capacity inherent within the current legal system and identify where changes to law and policy might be most effective. Results will include the identification of where existing law, federal or state, may lack the flexibility needed to meet anticipated future challenges.
Through the integration of legal issues with the work of the various research teams, we hope to integrate Envision's anticipatory modeling capacity with an in-depth treatment of the combined state and federal water law framework ("the Law of the Willamette River") to explore the impact and inter-relationship of the fragmented regulatory and jurisdictional structure on future scenarios for the basin. Further, the legal components of this work will identify the flexibilities that state and federal law provide to address the changing circumstances in this basin and other basins that are governed by prior appropriation and experience the same overlay of federal law. Ultimately, by fully exploring the state and federal spheres of regulatory and legal authority, we will identify the ways that state and federal law interact with each other and identify sources of resilience and flexibility inherent in the legal framework. We will explore the boundaries of legal and policy responses to projected future climate and population change to identify instances when and where this flexibility will, in turn, allow policy makers to respond to changing conditions to ameliorate water scarcity and provide a detailed understanding of the full range of legal and policy options that are available for the process of adapting to changed conditions.
*1133 The diagram below shows how the projects seek to integrate law and policy change into the larger Envision-based models--one version employing an economic model and the other employing agent-based modeling with the role of law and policy reflected in each.
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Figure 1--Developed by WW 2100 Researchers, Oregon State University, University of Oregon, and Portland State University, available online at enr.uoregon.edu\ wrbmodel
As Figure 1 and previous paragraphs make clear, the reach of federal and state water law in a system like the Willamette Basin is both wide and deep. Because water plays such a central role in human and natural processes, it is useful to distinguish between two broad conceptions of water shortage: water scarcity and water deficits. Put simply, water scarcity is fundamentally a normative, anthropocentric concept having to do with those times and places when there is a fixed amount of water that is insufficient to fully satisfy all competing human uses for it. 243 Water *1134 scarcity reflects human values and preferences, and it occurs when there is insufficient water to fulfill human wants and needs. We distinguish this concept of water scarcity from the related, but purely descriptive, notion of water deficit, which occurs when available water is insufficient for some biophysical process, such as the evapotranspirative needs of a forest or the spawning needs of aquatic life. Whether a deficit translates into scarcity in a given situation depends on people's values and society's preferences.
In terms of the stages of the legal work, we plan to focus, among the myriad ways that water matters to society, on water flows and water temperature. Both the flow regime through the streams and rivers of the Willamette Basin and the temperature of that water are amenable to operational definitions of scarcity and deficit. Also, both water scarcity and deficits are central measures of the sociocultural and biophysical importance of water. Lastly, both are reflected in key state and federal laws governing water and its use. This article focuses on the components of federal and state water law that are the most significant drivers for flow and temperature in the WRB. Governance of freshwater at the state level centers on a wide range of issues associated with the prior appropriation doctrine including defining beneficial use, the allocation of water rights permits, the enforcement of priority, the measurement of diversions and water use, evaluating the public interest at the time of any water transfer, and implementing existing instream flow programs. 244 Many of these provisions of state law may have unutilized flexibility that could help address water scarcity in the future. For the next step of analysis proposed for this project, however, the intention is to focus first on the provisions of state law that impact an increasingly important point of water conflict--the presence of instream flow rights.
With regard to federal law, governance of freshwater centers on a very fragmented set of environmental statutes and various common law doctrines ranging from the Endangered Species Act and associated Biological Opinions, contracting authority for water stored in federal reservoirs, the Clean Water Act, and the presence of federal water rights, to policy efforts to create a more integrated water strategy that coordinates all federal actions on a river, to name a few. Questions remain about the discretionary authority of the USACE on the timing and magnitude of flows in basins with federally managed reservoirs. *1135 Because the mainstem flow of the Willamette River is largely controlled by releases from these reservoirs, this project will investigate the role of discretion in the day-to-day operations Colin McKenzie MCKENZIE COLIN | 10/10/2017 16:32:20
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of the thirteen federal reservoirs on the system. To understand the decisions that are made by the USACE regarding the coordinated releases from these thirteen reservoirs, the project will focus first on an analysis to understand the federal statutory law that defines the purposes for which the USACE can operate these facilities and describe the operational flexibility and discretionary authority that these laws provide to the dam managers to address issues like instream flow.
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V. Next Steps
The work of the ongoing WW 2100 efforts and ideas for future research projects represent a new effort to integrate law and policy change into a hundred-year anticipatory modeling framework. This work has been initiated as part of the WW 2100 project, where economists have developed models of urban, agricultural, and recreational water use and land use, incorporating behavioral feedbacks and responses to scarcity common in economic models. As this work moves forward, the intent is to focus on some selected components of state and federal water law to build out the modeling capacity around those provisions of law. By delving deeply into particular aspects of state and federal law that impact instream flow, the hope is to begin to understand the flexibility and proactive tools that law and policy change can bring to the forefront as we experience change in water availability in the Willamette Basin. Some members of the WW 2100 research team have submitted a proposal for additional funding with the National Science Foundation to extend this analysis using an agent-based version of Envision. However, the underlying law and policy infrastructure--the so-called Law of the Willamette River--that we are building remains the same in each modeling approach. This legal work represents the integration of legal scholarship into those efforts and lies at the heart of the contributions that the law faculty and students have and will continue to provide. This integration focuses on law's capacity to be deployed as a proactive, problem-solving force and will focus, in its next stage , on the particulars set forth below.
Oregon state water law recognizes the authority of state agencies to assert instream flow rights to protect a variety of purposes including fish *1136 and wildlife, water quality, and recreation. 245 We hypothesize that these authorities have not been utilized to their full capacity and, if they were, that these authorities could secure sufficient water in the Willamette River to address instream flow requirements for fish and water quality issues while meeting other out of stream demands. In particular, the project intends to ask:
What are each responsible agency's legal and policy authorities to assert instream water rights?
What process does each responsible agency use to determine if and when it should assert a water right?
If asserted, what process is used to evaluate the water rights application?
If the water right is granted, what enforcement mechanisms control the exercise of the water right?
Within existing legal authority, what quantity of water could be protected using each agency's parameters for asserting instream flow rights?
The approach to evaluating this hypothesis will: (a) use standard legal research method tools 246 to build a description of each agency's relevant statutory, regulatory, and policy framework for asserting and maintaining instream flow rights; (b) outline the process for determining if and how the agency asserts a water right; (c) conduct interviews 247 to better understand the circumstances under which each agency chooses to utilize these authorities and what impediments to the exercise of these discretionary authorities may exist; (d) assemble an inventory and catalog all existing instream flow rights and determine if enforcement actions have ever been necessary to protect them; and (e) use Envision's capacity to model flow regimes that more fully utilize the discretionary authority to assert instream flow rights for these various purposes. This line of inquiry will hopefully expand the set of tools that are available to decision makers as they begin to address the flow regime for the Willamette River. For example, the Biological Opinion developed under the federal Endangered Species Act is one tool for addressing the *1137 flow requirements in the Willamette River. To date the Biological Opinion has been the primary mechanism for addressing flow requirements. By exploring the state's existing instream flow authority there may be state law mechanisms that are available for addressing the flow regime. By expanding the legal and policy options that are available, decision makers can develop a matrix of federal and state authorities and contextualize those authorities that recognize the particulars of the Willamette River system. The integration of state and federal law enhances the law's adaptive capacity to address changes to the freshwater system and deemphasizes the reactive, one-tool approach that is so common in western river systems.
At the federal level, the authorities and responsibilities of federal agencies tasked with various aspects of river management, including the USACE, the Bureau of Reclamation (USBR), and the National Marine Fisheries Services, create the legal context for the Willamette River. In addition to the particular responsibilities of these agencies, each of these agencies is also responsible for compliance with a host of additional federal statutes, including, most significantly on the Willamette River, the Endangered Species Act and the Clean Water Act. This research hypothesizes that these authorities have not been fully explored to address the need for flexibility in managing the Willamette River system. To evaluate the validity of this hypothesis, this project intends to ask:
What federal statutory and regulatory authorities govern the operations on the Willamette River regarding the impoundment and release of water? What is the scope of discretion given to the agencies to manage the flow on the Willamette River?
What federal court decisions are applicable to the exercise of discretionary authorities that govern the impoundment and release of water on the Willamette River?
What process do these agencies follow in determining how to use their discretionary authority to alter the flow patterns on the Willamette River?
How much of the decision making process is controlled by legal requirements and how much of the decision is the exercise of sound professional judgment in the context of authorized agency discretion?
Colin use standard legal research methods 249 to catalog and describe the relevant federal court decisions that impact the exercise of discretionary legal authority on the part of the relevant federal agencies on the Willamette River; (c) conduct interviews to better understand the process used by the relevant agencies to determine how and when to exercise available discretionary authority; (d) use Envision's capacity to model flow regimes that more fully utilize the discretionary authority available to the relevant agencies to change the release patterns from the thirteen federal reservoirs on the Willamette River. This line of inquiry seeks to explore the scope of federal discretionary authority that could be applied on the Willamette River. Full understanding of the overlay and scope of federal authority expands the set of tools that are available to decision makers as they begin to address the flow regime for the Willamette River. For example, the operations undertaken by the USACE for thirteen reservoirs on the Willamette River exert the predominant influence on river flows. To the extent there are unutilized discretionary authorities that the USACE could implement, the results of this research will facilitate the proactive response to issues of water scarcity or water quality on the downstream system in highly transferable ways. The integration of state authorities described above with the federal law mechanisms described here may enhance the adaptive capacity to proactively address changes to the freshwater system and de-emphasize the reactive, one-tool approach that is so common in western river systems. Once this legal research is complete, the resulting legal infrastructure will integrate into the Envision capabilities Through these tools, we can assess factors such as the rate of change in water rights going unmet due to the change in precipitation versus water rights going unmet as a result of reservoir management mandated by a Biological Opinion under the Endangered Species Act. Different discretionary choices might avoid the same levels of scarcity for a given location, but require changes in the interplay of federal and state legal frameworks to do so. We can also identify landscape areas that have greater vulnerabilities to changes in discretionary authority or require different types of adaptation to achieve similar reductions in water scarcity. Thus, there might be areas in the landscape that could see reductions in scarcity under many levels of discretion in reservoir management, as opposed to other areas that might only exhibit reductions under a single or very few specific levels of discretion.
The last phases of the legal research will synthesize the outcomes from the work described above, and developed through other modeling efforts, to determine what types of legal and policy measures will provide greater resiliency and adaptability in the WRB's water management. The intent is to look not only at the substantive issues, but to also evaluate the procedural steps towards implementation of preferred legal and policy approaches that will most likely achieve the desired outcomes. The project will be built with stakeholder input along the way to hopefully provide information about the flexibility within the state and federal legal frameworks to allow for adaptability in light of climate and population change while demonstrating to decision makers in Oregon how anticipatory modeling can integrate with dynamic governance and legal decision making to respond to unprecedented hydrological, ecological, and socioeconomic changes. 
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One approach in such assessments has been characterized as a predict-then-act paradigm, which pairs models of rational decision making with methods for treating uncertainty, derived largely from the sciences and engineering. Robert Lempert et al., Characterizing Climate-Change Uncertainties for Decision-Makers: An Editorial Essay, Climate Change, 2004, at 1. The preferred course of action in predict-then-act assessments is the one that performs "best" given some typically small set of assumptions about the likelihood of various futures and the critical processes that will be sustained if these assumptions prove true. Researchers have argued that these approaches face challenges, especially when applied over the spatial and temporal extents at which important ecological processes operate, and in relation to the ecosystem goods and services on which people rely. By encompassing a broad range of future possibilities and uncertainties, such as local manifestations of global climate change, these approaches offer greater potential to be responsive to opportunities and adaptive to problems. By virtue of their exploration of broad sets of contingencies, they also have the potential to serve as constructive means for forging consensus among diverse groups of citizens and policymakers. Lempert, supra note 15, at 1; Hulse, supra note 15, at 1067-90. Given the complexities of managing critical resources in the context of unprecedented future change, researchers in social and environmental sciences are increasingly employing agent-based simulation models to employ an explorethen-test paradigm as a means of anticipating problems before they arise. Hulse, supra note 15, at 1067-90. 
